Study objective: The relationship between tiredness and medical errors is now commonly accepted. The main objective of this study is to evaluate the cognitive performance of emergency physicians after a night shift of 14 hours (H14) and after a work shift of 24 hours (H24) and to compare it with tests performed after a rest night at home (H0).
INTRODUCTION Background
Night shift work is a requirement for emergency physicians to ensure constant access to care. However, it is responsible for causing sleep deprivation and the disruption of circadian rhythms, and has been shown to have repercussions on health for night shift workers, 1 including emergency physicians. 2 Moreover, chronic tiredness related to long working hours is common among physicians. 3, 4 It has also been clearly established that chronic tiredness negatively affects patient safety. 5, 6 Consequently, legislation limiting shift duration and ensuring rest periods for health care providers has improved working conditions in recent years. 7 In the general population, it has been shown that shortterm sleep deprivation can also impair vigilance, attention, executive functions, working memory, and higher cognitive abilities, such as decisionmaking. 8 Few studies have evaluated cognitive performance in physicians after a night shift. 9, 10 Impairments may occur in several domains, including attention, cognition, motor skills, and mood. 11 A metaanalysis suggested that the cognitive performance of physicians, particularly for vigilance and memory, was affected by sleep deprivation. 12 In a recent study, cognitive abilities of intensivists were significantly altered after a night shift, regardless of either the amount of professional experience or the duration of sleep during the shift. 13 Concerning emergency practice, 2 studies have suggested that emergency residents' intelligence test scores and visual memory capacity were affected after consecutive night shifts. 9, 14 Another study 
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Editor's Capsule Summary
What is already known on this topic Fatigue is associated with cognitive errors.
What question this study addressed
This prospective study of 40 resident and attending emergency physicians at a single emergency department (ED) in France used validated cognitive tests to measure physicians' processing speed, working memory capacity, perceptual reasoning, and cognitive flexibility after no work, a 14-hour night shift, and a 24-hour shift.
What this study adds to our knowledge Processing speed, working memory capacity, and perceptual reasoning abilities significantly decreased after a 24-hour shift, but not after a 14-hour night shift, compared with no work. However, staffing patterns in this ED may differ from those in US EDs, and small sample size limited comparisons based on age, sex, or other potential confounding factors.
How this is relevant to clinical practice
Strategies to mitigate the negative cognitive effects of 24-hour shifts are needed. When possible, 24-hour shifts should be avoided.
conducted on a group of 11 emergency physicians showed no significant differences in reaction times at the end of a night shift compared with the beginning of a day shift. 15 Machi et al 16 evaluated cognition in 13 emergency physicians before and after day and overnight shifts. They showed that short-term memory appears to decline similarly after day and overnight shifts, whereas another study showed that the performance of psychometric tests was not altered after a work shift of 16 hours. 17 
Importance
The practice of emergency medicine notably requires the use of decision algorithms, the integration of several data in a diagnostic procedure, the prioritization of emergency level, and multitasking. Most studies, although conducted in small samples of emergency physicians, showed a limited and similar decline in cognitive functions after day or night shifts not exceeding 16 hours. In France, recent legislation has limited clinical work to a maximum of 48 hours per week for emergency physicians. 18 However, 24-hour shifts are allowed, and many physicians prefer them to ensure longer vacation periods.
To date, the relative influence of short (14-hour) overnight shifts versus 24-hour shifts on cognitive functions that are likely to influence these practical abilities is unknown.
Goals of This Investigation
The main objective of this study was to evaluate cognitive performance of emergency physicians after a night shift of 14 hours (H14) and after a work shift of 24 hours (H24) and to compare this performance with the results of tests performed after a night of rest at home (H0).
MATERIALS AND METHODS Study Design and Setting
We conducted a prospective, single-center, randomized and crossover comparative study at the emergency department (ED) of North Hospital (Marseille, France) from November 2014 to October 2015. All specialties including trauma center (except cardiac surgery) are available in our 800-bed teaching hospital. The adult ED has approximately 50,000 annual admissions. A staff physician cares for a mean of 16 patients during a 10-hour day shift (8:30 AM to 6:30 PM) and for 20 patients during a 14-hour night shift (6:30 PM to 8:30 AM) and then for 36 patients during a 24-hour shift. Five residents are present during day shift and 4 during the night. They are managed by staff physicians for all patients. Depending on workload, the 2 staff physicians working after midnight can rest in bed and are available for the remaining shift. The study was approved by our local ethics committee. We followed the Strengthening the Reporting of Observational Studies in Epidemiology guidelines. 19 
Selection of Participants
All emergency physicians (staff physicians and emergency residents) working only in the ED during the study period were eligible. To be included, participants had to work at least one night shift from 6:30 PM to 8:30 AM (14 hours) and one day shift followed by a consecutive night shift (24 hours, from 8:30 AM to 8:30 AM) during 3 consecutive months. A work schedule of exclusive night shifts was an exclusion criterion. Staff physicians or residents of other departments were not included. Verbal consent was obtained after information about the modalities of the study was presented.
Interventions
After enrollment, each subject participated in 3 cognitive assessments: H0, H14, and H24. Participation was anonymous, and each participant served as his or her own control. For each participant, 3 assessments occurred within a period of 3 months. The order of administration of H0, H14, and H24 was determined by randomization through sealed envelopes to avoid training bias. All 3 ratings were separated by at least 7 days. The evaluation after night rest was performed at least 3 days after the previous night shift to neutralize the effect of acute tiredness. Before the beginning of the study, a data procurement schedule was developed for each participant from his or her work schedule.
Methods of Measurement
Four examiners were recruited voluntarily to assess participants. Two examiners were assigned for the first 6 months of the study and 2 others for the last 6 months. Each examiner was trained by the same psychologist before assessing the participants. Each examiner had a book with standardized instructions to read for each assessment. Each participant was evaluated by the same examiner at each of the 3 sessions.
Each evaluation was conducted in the ED immediately after the shift, between 8:30 AM and 10 PM. Each evaluation included 3 parts. First, the participant completed a questionnaire, which collected demographic data, lifestyle data, and characteristics of the previous night. Second, the participant used visual scales to self-assess his or her level of tiredness, degradation of attention and mood, and lack of sleep. Third, an examiner evaluated the participant's cognitive performance as measured by 4 indices: processing speed, working memory capacity, cognitive flexibility, and perceptual reasoning. The day before a test, each participant received a reminder by e-mail.
The psychocognitive assessment used the methodology of a recent study designed by a psychologist to measure the cognitive decline of intensivists after a night shift. 13 Cognitive performance was measured by 4 tests whose use has been validated. Three tests were selected from the latest version of the Wechsler Adult Intelligence Scale-Fourth Edition (WAIS-IV), which is the international benchmark for measuring intelligence. 20 It allows the calculation of total intelligence quotient through the measurement of 4 indices: processing speed, working memory, perceptual reasoning, and verbal comprehension. Reported reliability coefficients of the tests are 0.83 for processing speed, 0.91 for working memory capacity, and 0.81 to 0.91 for perceptual reasoning subtests. 20 Verbal comprehension was not studied because it is usually unaffected by sleep deprivation. 21 In the WAIS-IV, each index is evaluated by 3 subtests, requiring a testing time of approximately 90 minutes. To reduce the procurement time, only one subtest was used to evaluate each index. For processing speed and working memory capacity, all the subtests that are included in the WAIS-IV are highly correlated and do not induce learning effect. Because a learning effect exists for perceptual reasoning, we used a different subtest at each assessment (H0, H14, and H24) and randomized their order of use. In this sense, our methodology allowed us to estimate each index and to compare how they were affected by sleep deprivation. The fourth test reproduced the Wisconsin Card Sorting Test (WCST), which measures cognitive flexibility. 22 The duration of cognitive assessment was approximately 30 minutes.
Outcome Measures
Processing speed was evaluated by the Coding Subtest of the WAIS-IV. This cognitive ability is important for multitasking. For this subtest, the participant must complete a grid of numbers from a code within 2 minutes: each number from 1 to 9 is associated with a symbol (rated on a total score of 135).
Working memory capacity was evaluated by the Digit Span subtest of the WAIS-IV. This subtest explores shortterm memory, which is involved in the use of decision algorithms, in the integration of several data in a diagnostic procedure and in the prioritization of level of emergency. The examiner identifies 3 sets of numbers, and the subject must repeat them: the first set in direct order (Forward subtest), the second set in reverse order (Backward subtest), and third set in ascending order (Sequencing subtest). This subtest is rated out of a total score of 48.
Perceptual reasoning is the ability to handle abstract concepts and rules, and reflects general intelligence. It is important for the use of decision algorithms and for the prioritization of level of emergency. Three subtests of the WAIS-IV were used to neutralize learning effect on these tests: Picture Completion, Visual Puzzles, and Matrix Reasoning. On the Picture Completion subtest, the subject must identify missing parts on drawn pictures in a limited period (rated on 24 test items). In Visual Puzzles, the subject must select 3 pieces from a list to reproduce a puzzle. This subtest is time limited (rated on 26 items). In Matrix Reasoning, the subject must select a missing portion from a list to complete a matrix (rated on 26 items). The subtest was changed at each session (H0, H14, and H24) and the allocation was randomized. These subtests are equivalent in their analysis of perceptual reasoning.
Cognitive flexibility was evaluated by a reproduction of the WCST. It measures strategic capacity and is a good indicator of executive functions. This cognitive ability is involved in multitasking. The participant must sort cards according to a rule, which changes after 10 correct answers (rated on trial of 64 cards).
Raw scores from the 3 WAIS-IV subtests (processing speed, working memory capacity, and perceptual reasoning) were converted with WAIS software according to norms for age and sex (standardized scores ranging from 0 to 20). The best score is 20 and the worst is 0. Mean scores of these tests are 10 (SD 3) in the general population. 20 The fourth score of the WCST was rated on 64 items (32 is the best score and 64 is the worst). Mean score of the WCST is 40.5 (SD 10) in the general population. 22 Self-assessment of the level of tiredness, degradation of attention and mood, and lack of sleep was evaluated with a visual scale. The participant was asked to draw a vertical line on a horizontal line measuring 100 mm to evaluate these 4 items. Then, the examiner converted the visual scale results to a quantitative variable (rated from 0 to 100 points). A score of zero means "not at all" and a score of 100 means "extremely."
Primary Data Analysis
The main objective was to compare standardized scores for processing speed, working memory, cognitive flexibility, and perceptual reasoning for each of the times, H0, H14, and H24, for all emergency physicians. Absolute differences between mean scores from each cognitive assessment were calculated and expressed with 95% confidence intervals (CIs). Secondary objectives were to analyze the effect of sleep duration and medical experience (residents or staff physician) on cognitive performance, as well as the correlation between self-and nonself-assessment. The mean and SD were calculated for quantitative variables. An ANOVA with repeated measures was performed for each cognitive ability, with one within-subject factor (H0, H14, or H24). Then, we conducted a second ANOVA with repeated measures with 2 within-subject factors to test the effect of experience (staff physician or emergency resident) and the effect of duration of sleep during shift on cognitive performance. We used the median value of the duration of sleep to define 2 groups at each assessment. The dependence between self-and nonselfpsychoassessment was analyzed with Pearson's correlation test. A difference was considered significant if P<.05. Statistical analysis was performed with SPSS software (version 17.0; SPSS Inc, Chicago, IL).
RESULTS
Forty-two subjects were eligible to participate in the study. One resident and one staff physician declined to participate. Consequently, 40 participants were enrolled, of whom 21 were residents and 19 were staff physicians. The flow diagram of the randomization process is detailed in Figure 1 .
Characteristics of Study Subjects
For all participating physicians, the mean age was 31.3 years (SD 6.8 years) and the mean number of night shifts was 3.8 (SD 1.0) per month. Staff physicians had an average experience of 7.6 years (SD 6.9 years) in the specialty. They worked more night shifts by month than residents. Nineteen residents were women, whereas only 2 were men (Table 1) .
Main Results
For all physicians, no cognitive capacity was significantly altered at H14 compared with H0 (Table 2 ). Conversely, 3 cognitive abilities of 4 were impaired at H24 compared with H0: processing speed (mean difference¼-1.2 [95% CI -1.9 to -0.5]), working memory capacity (mean difference¼-1.5 [95% CI -2.2 to -0.8]), and perceptual reasoning (mean difference¼-2.2 [95% CI -3.4 to -1.0]). Performance was 10% to 21% lower in relative percentage at H24 than at H0. Working memory capacity was the only cognitive ability significantly worse at H24 compared with H14 (mean difference¼-1.3 [95% CI -1.9 to -0.7]), whereas other cognitive abilities were all lower at H24 but without significant differences (Table 2 ). Waterfall plots of cognitive assessment for each participant are detailed in Figure 2 .
Cognitive abilities were not significantly different between emergency residents and staff physicians at H24 (Figure 3) .
The median duration of sleep was 3 hours (interquartile range 1.5 to 4.5 hours) at H14 and 2.5 hours (interquartile range 0 to 5 hours) at H24. Cognitive impairment was not affected by the amount of sleep during the night shift. Indeed, cognitive performance was not different whether sleep duration was more or less than 3 hours at H14 or more or less than 2.5 hours at H24.
Self-assessments of tiredness, amount of sleep, attentional abilities, and mood were not statistically correlated to the results of cognitive heteroevaluation (data not shown).
LIMITATIONS
First, our cognitive assessment could be subjected to a measurement bias. Although we used a battery of cognitive tests whose use has been validated (WAIS-IV 20 and WCST 22 ) and that are recognized in the field of psychocognitive assessment, several examiners were employed for feasibility reasons. To neutralize the influence of this bias, the examiners were trained in the cognitive assessment method by the same psychologist. Also, they used a written protocol, which allowed standardization and reproducibility of test administration (instructions were read in each session).
Second, because we used a shortened version of cognitive tests, we could not calculate a score that summarizes general intelligence like the Full Scale IQ. However, the main objective of our study was not to measure the intelligence quotient of emergency physicians but to evaluate the effect of sleep deprivation on some cognitive abilities used during medical practice. In this sense, our cognitive assessment may be suitable.
Third, most cognitive abilities were not significantly different between H0 and H14, and between H14 and H24, suggesting that with a larger sample size we may have detected differences between these conditions. Fourth, although our results are adjusted to norms for sex in the WAIS-IV test, there was an imbalance in distribution of sex in residents, which could have influenced our results.
DISCUSSION
Here, we report that cognitive performance of emergency physicians was significantly altered after a work shift of 24 hours including night hours, whereas they were not affected by a night shift of 14 hours. When a night shift is preceded by 10 hours of day work, cognitive performance will decrease by 10% to 21% at the end of the shift compared with rest conditions. Because these cognitive abilities are involved in the practice of emergency medicine, their decrease is likely to affect abilities such as using a decision algorithm, making a diagnosis, prioritizing emergencies, or multitasking. Because neither our study nor previous ones have correlated cognitive abilities with clinical performance, the link between decline of cognitive abilities and clinical efficiency remains a hypothesis. However, studies have evaluated the effect of sleep deprivation on medical efficiency. A meta-analysis of 7 studies did not report any significant association between physicians' tiredness and patient mortality. 23 On the other hand, some studies have shown that staff physicians were less efficient at intubating a mannequin or on a simulated triage test after a night shift. 10, 24 A prospective, randomized study comparing extended and reduced work shifts demonstrated that residents made substantially more serious medical errors when working extending periods. 25 In the present study, we observed a decrease of 21% of perceptual reasoning score, which corresponds to approximately 15 errors on 25 items compared with 11 errors in rest conditions. Although our sample is limited, previous studies included fewer subjects and frequently showed less severe decline in cognitive performance than did the present study. These results are consistent with, and extend, others' work. Dula et al 9 showed a 10% decline in cognitive performance of emergency physicians after a series of 5 consecutive night shifts. Rollinson et al 14 observed a reduction in visual memory capacity of 18.5% in residents after a night shift. Finally, Machi et al 16 found a 15% decline in emergency physicians' short-term memory after overnight shifts.
In 2008, the American Board of Emergency Medicine performed a survey of 819 staff physicians. 26 More than half of the participants answered that night work was a source of job dissatisfaction, had deleterious effects on their health, and influenced their decision to retire from the profession. Nightshift work is a necessity to ensure constant access to care, but its effect on the lives of staff physicians should not be overlooked. Our results showed that 14 consecutive hours of night shift work did not impair cognitive performance, although our small sample size may have obviated some performance differences. More important, our results show that 24-hour shifts significantly impair cognitive performance. Our results therefore support the limitation of shift duration in EDs. In the United States, the Accreditation Council for Graduate Medical Education Task Force recommended that duty periods of residents not exceed 16 hours for first-year residents and 24 hours for older residents. 7 Our results are in agreement with those recommendations, which could be extended to all physicians. In France, legislation limits clinical work to a maximum of 48 hours per week for emergency physicians and residents. Moreover, physicians and residents are not allowed to work more than 24 consecutive hours. 18 Although some EDs have limited shift durations, some others still allow 24-hour shifts. Our results showed that this could be associated with significant impairment of cognitive performance.
To limit the effect of sleep deprivation on clinical performance, strategies such as strict sleep hygiene and the Get up, Telephone call immediately followed by getting up from sleep. *Self-assessment with visual scale: rated from 0 to 100. † A score of 0 means the subject is not tired; a score of 100 means the subject is extremely tired. ‡ A score of 0 means the subject has had enough sleep; a score of 100 means the subject has a lack of sleep. § A score of 0 means attention is not degraded; a score of 100 means attention is extremely degraded.
k A score of 0 means mood is not degraded; a score of 100 means mood is extremely degraded. practice of naps have been suggested. 27 The Accreditation Council for Graduate Medical Education Task Force has recommended strategic napping for residents, especially after 16 hours of continuous duty and between 10 PM and 8 AM. 7 EDs that continue to allow long shifts should consider implementing this type of alertness-management strategy. In our study, staff physicians and residents slept a mean of 2.5 hours per night shift. However, this could not be considered strategic napping. Indeed, resting was not scheduled and was decided according to workload, and then occurred toward the end of the shift. Psychostimulants such as modafinil or armodafinil may increase alertness and reduce sleepiness but are associated with potentially severe adverse effects. 28 To the best of our knowledge, no other study has compared emergency residents and staff physicians in regard to the differential effect of acute sleep deprivation on cognitive alterations. Global cognitive abilities were not different between staff physicians and emergency residents (except for perceptual reasoning at H0 and H14). Staff physicians had a trend toward more sleep than did residents during the 24-hour shift, whereas the amount of sleep needed for recovery is considered to be physiologically less with age. 29 Nevertheless, a study of on-call physicians showed that sympathetic tone during a night shift does not decline despite sleep, suggesting that sleep during duty is not necessarily associated with efficient regeneration. 30 We did not study the effect of age on the evolution of cognitive performance because scores were adjusted to norms for age in the WAIS-IV test. Although residents and staff physicians had a different mean age, there was no difference between them in regard to the effect of shift duration. Moreover, residents were all aged 25 to 29 years, and only 4 staff physicians were older than 40 years. Therefore, the ability to evaluate the effect of age would have been limited in the present study.
The lack of correlation that we found between the selfevaluation of tiredness and cognitive performance suggests that emergency physicians were not able to accurately evaluate their tiredness and attention capacity. This could lead to increased risks to their own health and patient safety. This result is in agreement with those of previous studies. Ernst et al 31 reported a lack of correlation between subjective and objective evaluation of concentration performance in physicians undertaking on-call duties. Moreover, Maltese et al 13 showed no significant correlation between self-report and evaluation of cognitive performance in intensivists undertaking night shifts. Several factors could contribute to this result. First, cognitive impairment by itself could alter the ability to self-evaluate tiredness and attention capacity. Second, autoevaluation does not directly relate to performance but to subjective feelings. Finally, scales of autoevaluation are less discriminating than cognitive tests, thus limiting the ability to establish a statistical correlation between them.
In summary, cognitive abilities involved in clinical performance of emergency physicians were significantly altered at H24, whereas they were not significantly different from those measured during a rested condition after H14. Our results mainly suggest that emergency physicians should not continue to work 24 consecutive hours. Further studies are needed to clarify the possible consequences for patients. Finally, it is essential to optimize the scheduling of physician working hours to improve the quality of care and the well-being of emergency physicians. Author contributions: FM, LP, and AR conceived the study and designed the trial. AR managed the study and the data collection. NP and AB undertook recruitment of participants and managed the data. NP, CF, AB, and CM assessed cognitive performance of participants. FM provided statistical advice on study design and analyzed the data. NP and AR drafted the article, and all authors contributed substantially to its revision. AR takes responsibility for the paper as a whole.
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